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The potential barrier impeding the spontaneous emission of protons in the proton radioactive 
nuclei is calculated as the sum of nuclear, Coulomb and centrifugal contributions. The nuclear 
part of the proton-nucleus interaction potential is obtained in the energy density formalism using 
Skyrme effective interaction that results into a simple algebraic expression. The half-lives of the 
proton emitters are calculated for the different Skyrme sets within the improved WKB framework. 
The results are found to be in reasonable agreement with the earlier results obtained for more 
complicated calculations involving finite range interactions. 
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I. INTRODUCTION 

The phenomenon of proton radioactivity is much re- 
cent compared to a radioactivity and has been possi- 
ble with the fusion-evaporation reactions between stable 
nuclei and, subsequently, with the advent of radioactive 
ion beam facilities. The neutron deficient nuclei lying 
beyond the proton drip-line have positive Q-values for 
proton emissions and are spontaneous proton emitters. 
This limits the possibilities of detection of even more 
exotic nuclei on the proton rich side of the /3-stability 
valley because of the experimental limitations that the 
proton emitters can be detected only if they have a half- 
life longer than ~ 1 ji sec. So far proton radioactivity 
has been identified for different isotopes of Sb, Tm, Lu, 
Ta, Ir, Au and Bi (spherical proton emitters) and of I, 
Cs, La, Pr, Eu, Tb and Ho (deformed proton emitters) 
and the only three elements which are missing between 
Z=51 and Z=83, are Te, Pm and Hg with Z=52, Z=61 
and Z=80, respectively. 

The proton radioactivity has been investigated and 
half-lives have been calculated in different theoretical 
models [H-Q- On the basis of the calculations of proton 
decay half lives, the theoretical investigations can broadly 
be divided into two groups. One deals with the quantum 
mechanical tunneling of single particle resonance through 
the nuclear mean field @, [[J [l(|. In these calculations, 
the mean field potential is calculated self consistently ei- 
ther using covariant density functional theory (CDFT) 
in the relativistic mean field model (RMF) [9j or from 
the non-relativistic Hartree-Fock (HF) calculation using 
phenomenological effective interactions [To| . This proce- 
dure of handling the proton radioactivity phenomenon 
is more fundamental as it deals with the spectroscopic 
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aspect of the emitted proton directly and also has the 
flexibility to account for the deformation of the emit- 
ting nucleus. The other method of calculating proton 
radioactivity half-lives uses the semiclassical WKB tun- 
neling through the potential barrier. In these calculations 
the barrier impeding the emission of proton is obtained 
and the penetration probability is then calculated using 
WKB approximation. Both the procedures are found 
to be equally competent |2j so far as the prediction of 
the proton emission half-lives are concerned. The vari- 
ous ways of constructing the potential barrier in the lat- 
ter case include phenomenological parametrizations [ll| , 
from fusion reaction studies |3|, semiclassical considera- 
tions based on liquid drop model and the proximity force 
[l2|-[l5| and folding the nucleon-nucleon (N-N) effective 
interaction over the density distribution of the daughter 
nucleus fli-Q. The JLM @, DDM3Y @] and YENI Q 
N-N effective interactions are used in the folding model 
calculations. 

Skyrme interaction [l6|-[l8| has an important status in 
the finite nucleus calculations in nuclear research. More 
than 110 Skyrme sets have been constructed so far for 
different purposes but all the sets have the common fea- 
ture of explaining the ground state properties of nuclei 
over the periodic table and saturation conditions in sym- 
metric nuclear matter (SNM). Skyrme sets constructed 
in late 90's, particularly the construction of SLy-sets [l9r - 
[2l| and other Skyrme sets developed thereafter have the 
additional feature that the Skyrme parameters are con- 
strained for application to nuclear matter under extreme 
conditions. Stone et al. [21] have examined 87 numbers 
of Skyrme sets on the basis of various constraints and 
have found 27 sets qualifying the tests for application 
to neutron rich dense matter. Proton radioactivity half- 
lives of the proton emitters for the SkP Skyrme set has 
been calculated [1(| using both the methods, by semi- 
classical WKB tunneling and also by the quantum me- 
chanical tunneling of the single particle resonance. In the 
present work, our objective is to calculate the half-lives 
of the proton emitters for different Skyrme sets in the 
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framework of semiclassical WKB method. The nuclear 
part of the proton-nucleus (p-N) interaction potential for 
the Skyrme force is obtained analytically in the energy 
density formalism where the energy dependence is appro- 
priately taken into account. 

The real part of the p-N interaction potential is calcu- 
lated for Skyrme effective interaction in section-II. The 
procedure for calculation of the half-lives of the spon- 
taneous proton emitters is described in this section. In 
section-Ill, the results of half- lives for the proton emitters 
are given for different Skyrme sets. Section-IV contains 
a brief discussion of the results obtained and conclusion. 



II. THEORETICAL FORMALISM 



The energy density, H(p n , p p ), of a nucleus is given by 



H{pn,p P ) 



2m 



(T„ + T p ) + V 



(1) 



where p n ( p ) (r) and T n u>) (r) are the density and the kinetic 
energy density of the neutron (proton) at position r and 
to is the reduced nucleonic mass for the proton-daughter 
nucleus system. The first term on the right side of Eq.(l) 
is the kinetic part of the energy density and the second 
term is the interaction part which for Skyrme interaction 
can be expressed as (for details see Refs.dlll), 



V = A(p ni p p ) + Bipr + B 2 (p p T n + p n T p ) 

+ C[{Vp n ) 2 + {Vp p ) 2 ]+D(Vp n ){V Pp ), (2) 

with p(r) = p n (r) + p p (r) and r(f) = r„(f) + T p (f) be- 
ing the total nucleonic density and total kinetic energy 
density, respectively, at position r and 



A(pn,Pp) = jK 1 - x o)(Pn + Pi) + ( 4 + 2x )p n p p ] 

+f^P 7 [(l " xM + p 2 p ) + (4 + 2x 3 )p nPp ], (3a) 
B 1 = i[tx(l - Xl ) + 3t 2 (l + x 2 )], (3b) 
B 2 = \[t l {l + 2x 1 )-t 2 {l + 2x 2 )] 1 (3c) 

o 

C=^[t 1 (l~x 1 )-t 2 (l + x 2 )}, (3d) 

D = 4t 3 *i( 2 + x i) - *a(2 + x 2 )]. (3e) 
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The real part of the p-N potential is the functional 
derivative of energy density H( Pn ,p p ) with respect to 
proton, i.e., . Further the non-local Skyrme Hartree- 
Fock potential, i.e. specified by a nucleon effective mass, 
can be taken care by an equivalent energy dependent lo- 
cal potential [22| . Considering this energy dependence of 
the real part of the nucleon-nucleus potential, the p-N 
potential U^(r) can now be given by 



U p N (r) = 



1 - 
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(E, 



CM 



Ucoul) 
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where, the functional A(p n ,p p ) and the functions B\, 
B 2 , C and D are given in Eqs.(3.a-e), Eqm is the center 
of mass energy of the proton-daughter nucleus system, 
Ucoul is the Coulomb interaction energy of the proton 
and ( m — )p is the proton effective mass which is given 
by 



to* (r) , 



2m, „ „ 
^■ + - 2 {Bip + B 2Pn ) 
n 



(5) 



In obtaining Eq.(4) we have used the fact that the wave 
number, k, of the proton at a distance r from the center 
of the nucleus taken as the origin is 



m - [fr{^C7M - U P N (r) - Ucoul} 



1/2 



(6) 



The total potential, U p (r), experienced by the proton is 
the sum of the nuclear potential Upj (r) , Coulomb poten- 

tial Ucoul and the centrifugal potential ^=-[1(1 + 1)] with 
Ih being the orbital angular momentum carried away by 
the emitted proton. The Coulomb potential Ucoul com- 
prises of the direct {U^ oul ) and the exchange (U^ x oul ) 

d 
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parts, Ucoul = U* oul + U^ oul , given as 



U d Coul {r)=^e 2 [- f r' 2 p p {r')dr' 
r Jo 
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r'p P (r')dr'} 
U c X oui(r) = -e 2 (-)hl(r) 



(7a) 
(7b) 



where e is the electronic charge. The p-N nuclear poten- 
tial U^(r) for the Skyrme interaction as obtained from 
Eq.(4) using Eqs.(3.a-e) is given by 



U p N (r) = 
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The potential barrier is obtained from U p (r) and the 
center of mass energy Ec m — Q determines the turning 
points R a and Rb. The penetration probabilit y, P , is now 
calculated from the improved WKB formula [231 ] . 
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l + exp{^ f * [2fi(U p (r)-E v -Q)] 1/2 dr} 



P 

(9) 

where fi — tuM^/Ma is the reduced mass, and Ma 
being the masses of the daughter nucleus and the parent 
nucleus respectively and E v is the energy with which the 
proton hits the barrier. The decay constant A and half 
life T1/2 are now given by 



A = vPSp and T\/ 2 



ln2 



(10) 



where v is the assault frequency corresponding to the 
zero-point vibration energy E v and S p is the spectro- 
scopic factor. 



III. RESULTS AND DISCUSSIONS 

The calculation of p-N nuclear potential, Ufj(r) in 
Eq.(8), requires the knowledge of the nuclconic den- 
sity distributions in the nucleus p q (r), their gradients 
Vp q (f), \7 2 p q (r) and the kinetic energy densities T q (r) 
with q — n,p. Since all Skyrme sets have the common 
feature of describing the ground state properties of nu- 
clei over the periodic table, instead of doing Hartree-Fock 
(HF) calculation of a nucleus for each Skyrme set we 
have taken Wood-Saxon (WS) density distribution with 
the constraint that neutron (proton) densities are propor- 
tional to the respective neutron (proton) numbers. For 
the kinetic energy densities, the semi-classical approxi- 
mation upto second order, 



i(p) 
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n(p)Pn(p) 
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Pn(p) 



+ 3 V V( P ), (11) 



FIG. 1: Plots of nuclear part of proton-nucleus interaction 
potentials for 185 Bi proton emitter as functions of distance r 
for different Skyrme sets. 



for neutron (proton) is used. The neutron (proton) Fermi 
momentum, fc„( p ) = [37r 2 p„( p )] 1 / 3 , corresponds to neu- 
tron (proton) density p n ( p ) . The fixation of the WS pa- 
rameters for the density distributions used in the present 
work is the same as used in Ref.jij]. The p-N potential 
thus calculated from Eq.(4) in case of 185 Bi nucleus is 
shown in Fig.-l as a function of distance r for different 
Skyrme sets having wide differences in their nuclear mat- 
ter properties, such as, effective mass and incompressibil- 
ity The effective mass is 0.38 for SV-set [2J], whereas, 
SVFset [24| has value 0.95. The incompressibility value 
for SVFset [H] is 364 MeV, whereas, Sly4-set [20| and 
SKM* [H have values 230 MeV and 217 MeV, respec- 
tively. The p-N potentials calculated for the Skyrme sets 
shown in Fig.-l differ considerably in the interior region 
of the nucleus but the difference decreases towards the 
surface resulting in all the curves approaching the x-axis 
almost together in the tail region. The total potential 
U p (r) is obtained by adding the Coulomb and centrifu- 
gal parts to (r) . The centrifugal potential is evaluated 
using the Z-values for the decay processes and given in 
Ref.[26j. The 2nd and 3rd turning points R„ and Rb are 
obtained using the experimental Q-values [26j and from 
the relation 



U p {R a ) = Q + E v = U p {R b ) 1 



(12) 



whose solutions provide 3 turning points where E v = ^hv 
is the zero-point vibrational energy which is calculated 
using Eq.(5) of Ref . [27j . Since the lifetime results are 
reasonably good and the number of potentials used in 
the present study being very large, the coefficients of the 
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FIG. 2: Wood-Saxon and SkM* Hartree-Fock proton and 
neutron density distributions as functions of distance r for 
184 Pb nucleus (daughter of 185 Bi proton emitter). 



functional form for the zero-point energy are not refitted. 
Such a functional form facilitates the shell effects of the 
radioactivity to be implicitly contained in the zero point 
vibration energy because of its proportionality with the 
Q value. The penetration probabilities for different pro- 
ton radioactive nuclei are calculated from Eq.(9) in the 
cases of various Skyrme sets and half-lives obtained from 
Eq.(10) (for S p = 1) are given in Tables I- IV along with 
the results of the folding model potential using DDM3Y 
effective interaction Q for comparison. Tables II-IV con- 
tains the results for the 27 Skyrme sets [2l[ qualifying the 
tests for application to neutron rich dense matter. Re- 
cently, decay properties of 155 Ta are measured and the 
measured decay Q value of 1.444(15) MeV and half life 
log w T(s) = -2.538t°;207 El disagree with the previ- 
ously reported measurements. The theoretical results of 
logioT(s) for SLy230a and DDM3Y interactions corre- 
sponding to the measured Q value are —2.13(13) and 
—2.18(14), respectively. It is noteworthy that lifetimes 
estimated using the DDM3Y microscopic effective N-N 
interaction potential is as good, if not better, as those 
estimated by the phenomenological Skyrme interactions. 

In order to examine the justification of using WS den- 
sity distributions for the nuclei, we have calculated the 
HF densities and kinetic energy densities for neutron and 
proton in case of 185 Bi proton emitter for the SkM* set. 
The p-N potential U^(r) is then calculated from Eq.(4) 
for these HF densities. The HF neutron and proton den- 
sities as well as the resulting p-N potential in case of 185 Bi 
proton emitter for SkM* set are compared with the cor- 
responding results obtained for WS density distribution 
in Fig. -2 and Fig. -3 respectively. The small differences 
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FIG. 3: Proton-nucleus nuclear potentials calculated for 
185 Bi proton emitter as functions of distance r for SkM* using 
Wood-Saxon and Hartree-Fock densities. 



in the p-N potential curves for the two cases (WS and 
HF) in the surface region in Fig. -3 do not substantially 
change the results of the half-lives. The results for the 
logarithmic half-lives are -5.40 and -5.52, respectively, 
for the WS and HF density distributions. The same cal- 
culations are repeated for SVI set, which has relatively 
high value of incompressibility, and the results are -5.28 
and -5.43 for the WS and HF density distributions re- 
spectively. Since the use of self consistent HF densities 
does not alter the trend of the results obtained with the 
WS densities together with second order semi-classical 
kinetic energy densities, the calculations of the p-N po- 
tentials from Eq.(4) are preferred with WS densities in 
order to preserve the analytical simplicity. The half lives 
calculated using densities, its derivatives and kinetic en- 
ergy densities from self consistent HF aregiven for all 
the nuclei for SkP (29|, SkX [H and LNS j31| in Table I. 



IV. SUMMARY AND CONCLUSION 

The half-lives of the proton emitters calculated for 
Skyrme interaction using the energy density formalism 
predict similar results for the different Skyrme sets de- 
spite widely varying nuclear matter properties, particu- 
larly incompressibility and effective mass. The results of 
the proton radioactivity half-lives for the Skyrme inter- 
action are also in agreement with the values obtained in 
case of finite range interactions, such as, JLM, DDM3Y, 
YENI, etc. for which the calculation of p-N potential be- 
comes much more complicated. From the results given in 
Tables I-IV, it is clear that all the Skyrme sets are compe- 
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FIG. 4: Plots of logarithmic half lives of proton emitters 
for (a) SVI and SkP interaction sets having extreme values 
of incompressibility and (b) SkT4 and SkMP interaction sets 
having widely different effective masses. For details see text. 

tent to give an overall account of the proton radioactivity 
half-lives. This is due to the fact that the p-N nuclear 
potentials are almost identical for these different Skyrme 
sets around the second turning point that occurs in the 
tail part, although in the interior region the potentials are 
very different for the different Skyrme paramctrizations 
as can be seen from Fig.-l. It may be mentioned here that 
since the parameters of the Skyrme sets have been con- 
strained to give binding energies and radii of nuclei over 
the periodic table, the variations in the nuclear matter 
properties of the different Skyrme sets largely manifest 
the change of potential in the interior region. The value 
of the p-N potential in the tail region is crucial in deter- 
mining the barrier penetration width for the proton in 
the WKB method used in this work. The third turning 
point is being solely determined by the Coulomb poten- 
tial. For the SVI set, which has relatively high value of 
incompressibility of 364 MeV, the location of the second 
turning point R a is at a distance 7.63 fm in case of 185 Bi 
proton emitter whereas for SkM* that has incompress- 
ibility of 217 MeV, it is at 7.77 fm. The third turning 
point Rb being the same for both the sets has the value of 
65.71 fm. The barrier width varies from 58.08 fm to 57.94 
fm as we go from SVI to SkM* resulting into a change in 
logarithmic half-life from -5.28 to -5.40. It is also clear 
that the Skyrme sets having relatively higher value of the 
incompressibility will predict relatively higher half-lives 
as the p-N potential approaches relatively faster to zero 
value causing a shift to the second turning point R a to a 
lower value. 

The relative importance of the nuclear matter proper- 
ties on the decay half-lives have been shown in Fig. -4 (a) 



and (b). In examining the effect of the incompressibility, 
we have chosen the two Skyrme sets having almost the 
same value for effective mass, but widely differing in their 
incompressibility values. The variation of logioT(s) for 
the two such sets out of all the sets given in Tables I-IV, 
namely SkP and SVI, are given in Fig. -4(a). These two 
sets have nearly same effective masses, 1.0 and 0.95, but 
incompressibility varying from 201 MeV to 364 MeV. As 
discussed earlier, the trend that higher incompressibil- 
ity predicts higher value of logioT(s) is evident from the 
Fig. -4(a). As these two sets form the two extremes of all 
the sets given so far as the incompressibility is concerned, 
the logioT(s) values of rest other sets remain within the 
results of these two sets as can also be verified from the 
Tables I-IV. In order to examine the effect of variation 
in the effective mass on the predictions of the proton 
emission half-lives, the results for the two Skyrme sets, 
namely SkT4 and SkMP which have nearly the same in- 
compressibility values, 236 MeV and 231 MeV, but vary- 
ing in their effective masses as 1.0 and 0.65 respectively, 
are shown in Fig. -4(b). It may be seen from this figure 
that in all the cases of proton emitters, that there is lit- 
tle dependence of the proton emission half-lives on the 
effective mass. Based on the findings in the framework 
of the present work, it can be stated that an effective 
interaction that accounts for the ground state bulk nu- 
clear properties, such as, binding energies and radii of 
the nuclei over the periodic table can also reasonably 
predict the half-lives of the proton emitters. The large 
discrepancies in the measured values and calculated re- 
sults observed in the cases of 113 Cs, 147 Tm, 150 Lu, 156 Ta, 
156 Ta*, 161 Re*, 171 Au, 177 T1 and 185 Bi can be attributed 
to the spectroscopic factor. 

The marginal sensitivity of the proton emission half- 
lives for different Skyrme paramctrizations found in this 
work is in contradiction to the findings based on the re- 
sults of the half-lives for the two states of 161 Re obtained 
from quantum mechanical tunneling calculations of sin- 
gle particle resonance [l(| for the Skyrme sets SkP and 
SkX. In their calculation the HF mean field is scaled in 
order to fit the Q value and separated into two parts 
for obtaining the bound state and scattering state wave 
functions by solving Schrodinger equations with the two 
potentials. The wave functions are used to evaluate the 
decay width of the resonance. This method of calculating 
half-lives depends sensitively on the potential and wave 
functions. In quantum mechanical tunneling approach 
the HF mean field is scaled to fit the Q value, whereas, 
in the present model assault frequency is obtained in an 
approximate way. Hence these important aspects, one 
belonging to each of the two methods of calculating the 
half lives need to be studied in more detail before arriv- 
ing at any conclusion on the contradicting nature of the 
results obtained in these two methods. 
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TABLE I: The results of the present calculations using the Skyrme p-N potentials are compared with the experimental values 
along with the results of DDM3Y 0). Except 135 Tb [32] and 159 Re [331 ] . all the experimental Q values, half lives and / values 
are from Ref.[2(|. Experimental errors in Q values and corresponding errors in calculated half lives are inside parentheses. 
Asterisk symbol in the parent nucleus denotes isomeric state. The superscript HF denotes results calculated with HF densities, 
its derivatives and kinetic energy densities. 



Parent 
A Z 



I 



Q e 



Measured 



SII 



SIII 



h MeV logioT(s) log 10 T(s) log 10 T(s) 



SVI 

log w T{s) 



SkM* 
logwT(s) 



LNS 
log w T(s] 



LNS HF 
log-wT(s) 



SkP HF 
logioT(s) 



SkX HF 
log 10 T(s) 



DDM3Y 
log 10 T(s) 



2 0.491(15) 
2 0.829(3 
0.824(7 
0.978(3 
1.753(10) 
1.071(3 
1.139(5 
1.283(4; 
1.317(15) 
1.255(3 
1.332(10 
1.791(10 
1.028(5 
1.130(8 
0.947(7 

2 1.284(6 
1.214(6 
1.338(7 
1.844(9 
1.733(7 
1.168(8 
1.340(8 

1.086(6 
5 1.261(7 
1.469(17) 
5 1.718(6 
1.180(20 
5 1.986(10 
1.624(16 

3 1.188(7) 
5 1.816(20) 



2 049+ 058 

q QS7 +0.020 
-O.yoi _Q.o22 
n qni +0.079 
J - oui -0.097 
A 777+O.OI8 
-1. I I <_ .019 

-5.409tr™ 
0.59lt°;$ 
-3 444+ 046 

1 1an +0.055 
-1.18U_ 064 

A c 9 o+0.620 
-t.OZD_ 301 

-0.896±g;g^ 
-4796t°;£? 
4 q91+ 0125 

-0.6201HS 

PI e;OQ+0.135 
u.ozo_ 198 

3 46+ 075 

q /) q 9 +0.045 
o.ioz_ Q 049 

O+0.056 
-0.065 

-3 Q5Q+ - 190 
o.xox_ 139 

o 4fiq +0.082 

-0.824i°;^ 
-0.076l°;i 2 ^ 

-0.959±8;ggS 
0.875i°;f 2 8 7 

-4 77f|+ - 185 
' ' u -0.151 

2 fi^4+°- 054 
-1 174+0!9 1 

i - 1 ' q: -0.349 
q q.y + 0.095 
-O.OK _ Q 122 

-4 2 29+ 068 



-0.488Z 



-3.027 



•+0.131 
-0.116 



A R78+ - 076 



2.07(46) 
-4.14(4) 
-3.03(11) 
-5.43(4) 
-5.14(7) 

0.97(4) 

-3.28(6) 

-0.59(5) 

-4.28(15) 

-0.67(3) 

-4.78(10) 

-4.66(7) 

-0.30(8) 

1.65(11) 

-0.32(11) 

-2.90(7) 

-3.35(7) 

-0.60(7) 

-3.92(6) 

-3.52(5) 

-1.02(10) 

0.21(8) 
-1.17(9) 

0.68(8) 
-4.91(16) 
-3.05(5) 
-1.28(26) 
-4.52(6) 
-5.34(14) 
-3.98(8) 
-4.44(14) 



2.11(46) 
-4.11(4) 

-2.99(11) 
-5.39(4) 
-5.09(7) 
1.01(4) 
-3.25(6) 
-0.55(4) 

-4.24(15) 
-0.63(4) 

-4.74(10) 
-4.61(7) 
-0.25(7) 
1.69(10) 

-0.29(11) 
-2.86(7) 
-3.32(7) 
-0.55(8) 
-3.88(6) 
-3.47(5) 

-0.97(10) 
0.25(9) 
-1.13(9) 
0.73(8) 

-4.88(16) 
-2.99(4) 

-1.24(26) 
-4.47(6) 

-5.30(13) 
-3.94(8) 

-4.39(13) 



2.13(46) 
-4.08(5) 
-2.97(11) 
-5.37(4) 
-5.06(7) 
1.05(4) 
-3.23(6) 
-0.52(5) 
-4.21(15) 
-0.59(3) 
-4.71(9) 
-4.58(7) 
-0.23(8) 
1.72(11) 
-0.27(12) 
-2.83(7) 
-3.30(7) 
-0.52(7) 
-3.85(6) 
-3.44(5) 
-0.95(11) 
0.29(9) 
-1.11(8) 
0.76(8) 
-4.85(16) 
-2.97(5) 
-1.21(26) 
-4.44(6) 
-5.28(13) 
-3.91(7) 
-4.36(13) 



2.00(46) 
-4.21(4) 
-3.10(11) 
-5.50(4) 
-5.21(7) 
0.89(4) 
-3.35(6) 
-0.66(4) 
-4.35(15) 
-0.75(4) 
-4.84(10) 
-4.72(7) 
-0.36(7) 
1.58(11) 
-0.39(12) 
-2.96(7) 
-3.41(7) 
-0.67(7) 
-4.00(6) 
-3.59(5) 
-1.09(11) 
0.15(9) 
-1.23(9) 
0.61(8) 
-4.97(16) 
-3.11(5) 
-1.34(26) 
-4.58(6) 
-5.40(13) 
-4.05(7) 
-4.51(13) 



2.07(46) 
-4.14(4) 
-3.03(11) 
-5.43(4) 
-5.10(7) 
1.02(4) 
-3.28(6) 
-0.55(4) 
-4.28(15) 
-0.63(4) 
-4.78(10) 
-4.61(7) 
-0.28(7) 
1.69(11) 
-0.33(11) 
-2.89(7) 
-3.35(7) 
-0.55(7) 
-3.89(6) 
-3.48(5) 
-1.00(10) 
0.26(9) 
-1.16(9) 
0.73(8) 
-4.91(16) 
-3.00(4) 
-1.28(26) 
-4.48(7) 
-5.34(14) 
-3.98(7) 
-4.40(13) 



2.19(46) 
-4.01(4) 
-2.95(11) 
-5.36(4) 
-5.04(6) 
1.07(4) 
-3.22(6) 
-0.48(4) 
-4.20(15) 
-0.57(3) 
-4.69(10) 
-4.54(7) 
-0.21(7) 
1.76(10) 
-0.26(12) 
-2.82(7) 
-3.29(7) 
-0.51(8) 
-3.83(6) 
-3.42(6) 
-0.96(10) 
0.30(9) 
-1.11(9) 
0.77(8) 
-4.85(16) 
-2.97(5) 
-1.11(27) 
-4.34(6) 
-5.29(13) 
-3.93(8) 
-4.33(13) 



1.93(45) 
-4.26(5) 
-3.21(11) 
-5.61(4) 
-5.43(7) 
0.68(4) 
-3.50(6) 
-0.87(5) 
-4.48(15) 
-0.95(3) 
-4.98(10) 
-4.92(7) 
-0.50(8) 
1.37(11) 
-0.52(12) 
-3.12(7) 
-3.55(8) 
-0.89(7) 
-4.22(6) 
-3.81(5) 
-1.25(11) 
-0.09(9) 
-1.39(9) 
0.38(8) 
-5.13(16) 
-3.35(5) 
-1.40(26) 
-4.73(6) 
-5.57(13) 
-4.22(7) 
-4.71(13) 



2.11(45) 
-4.07(5) 
-3.00(11) 
-5.40(4) 
-5.17(7) 
0.94(5) 
-3.27(6) 
-0.63(4) 
-4.26(15) 
-0.72(3) 
-4.76(10) 
-4.70(7) 
-0.29(8) 
1.60(11) 
-0.31(11) 
-2.90(7) 
-3.34(7) 
-0.65(8) 
-3.98(6) 
-3.57(5) 
-1.01(10) 
0.15(8) 
-1.16(9) 
0.62(8) 
-4.90(16) 
-3.09(5) 
-1.18(26) 
-4.47(6) 
-5.35(13) 
-3.98(8) 
-4.48(13) 



1.90(45) 
-4.31(5) 
-3.21(11) 
-5.61(4) 
-5.28(7) 
0.83(4) 
-3.46(6) 
-0.74(4) 
-4.46(15) 
-0.82(4) 
-4.96(10) 
-4.80(7) 
-0.47(8) 
1.50(10) 
-0.51(12) 
-3.08(7) 
-3.53(7) 
-0.75(8) 
-4.08(6) 
-3.67(5) 
-1.19(10) 
0.06(9) 
-1.35(8) 
0.54(8) 
-5.10(16) 
-3.19(5) 
-1.44(26) 
-4.64(6) 
-5.53(14) 
-4.16(8) 
-4.59(13) 
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TABLE II: The results of the present calculations using the Skyrme p-N potentials are compared with the experimental values. 
Except 135 T6 [32|] and 159 Tie [33], all the experimental Q values, half lives and I values are from Ref . [26| . Experimental errors in 
Q values and corresponding errors in calculated half lives are inside parentheses. Asterisk symbol in the parent nucleus denotes 
isomeric state. 



Parent I Q ex 


Measured 


Gs Rs 


SGI 


SV SLyO 


SLyl 


SLy2 


SLy3 SLy4 


A Z h MeV 


log 10 T{s) 


log 10 T(s) log 10 T(s) 1 


'og w T(s) I 


og 10 T(s) log w T{s) 


log 10 T(s) 


log 10 T(s) 


log 10 T(s) log w T(s) 



105 Sb 2 0.491(15) 2.049±°;°^ 2.06(46) 2.06(46) 2.05(46) 2.01(46) 1.99(46) 1.99(46) 2.00(45) 2.00(46) 2.00(45) 

109 J 2 0.829(3) -3.987±o;°22 -4.15(4) -4.15(4) -4.17(5) -4.20(4) -4.22(5) -4.23(5) -4.22(5) -4.22(5) -4.22(5) 

112 Cs 2 0.824(7) -3.30ltomr -3.04(11) -3.04(11) -3.06(11) -3.10(11) -3.11(11) -3.11(11) -3.11(11) -3.11(11) -3.11(11) 

113 Cs 2 0.978(3) -4.777l^ig -5.44(4) -5.44(4) -5.46(4) -5.49(4) -5.52(4) -5.52(4) -5.51(4) -5.51(4) -5.51(4) 

145 Tm 5 1.753(10) -5.409^;^e -5.11(7) -5.11(7) -5.15(7) -5.21(7) -5.23(6) -5.24(6) -5.23(7) -5.23(6) -5.23(7) 

147 Tm 5 1.071(3) 0.591±^i?| 1.00(4) 1.00(4) 0.96(4) 0.89(4) 0.87(4) 0.87(4) 0.87(4) 0.87(4) 0.88(4) 

147 Tm* 2 1.139(5) -3.444+°;°^ -3.29(7) -3.29(6) -3.31(6) -3.35(6) -3.37(6) -3.37(6) -3.36(6) -3.37(6) -3.37(6) 

150 Lu 5 1.283(4) -l-lSO+ ° f 4 -0.57(5) -0.57(5) -0.61(4) -0.67(4) -0.69(5) -0.70(4) -0.68(4) -0.69(5) -0.68(4) 

150 Lu* 2 1.317(15) -4.523^;^ -4.28(15) -4.28(15) -4.30(15) -4.34(15) -4.36(15) -4.36(15) -4.35(15) -4.35(16) -4.35(15) 

151 Lu 5 1.255(3) -0.896i^i2 -0.64(3) -0.64(3) -0.69(4) -0.75(3) -0.77(3) -0.77(4) -0.77(3) -0.77(3) -0.77(4) 

151 Lu* 2 1.332(10) -4.7961^2? -4.77(10) -4.77(10) -4.80(10) -4.84(10) -4.86(10) -4.86(10) -4.86(10) -4.86(10) -4.86(10) 

15S Ta 5 1.791(10) -4.92ll^25 -4.63(6) -4.63(7) -4.66(7) -4.72(7) -4.75(7) -4.76(7) -4.75(7) -4.75(7) -4.75(7) 

156 Ta 2 1.028(5) -0.620t°,;?oi -0.29(7) -0.29(7) -0.31(7) -0.36(8) -0.37(7) -0.38(7) -0.37(8) -0.37(7) -0.37(8) 

156 Ta 5 1.130(8) 0.9491^;^ 1.68(10) 1.68(11) 1.64(11) 1.57(10) 1.54(11) 1.54(11) 1.56(10) 1.54(11) 1.56(10) 

157 Ta 0.947(7) -O^t ,;! 3 ! -0.33(12) -0.33(12) -0.35(12) -0.39(12) -0.40(11) -0.40(11) -0.40(11) -0.40(11) -0.40(11) 

160 i?e 2 1.284(6) -3.046+ ° 7 5 5 6 -2.90(7) -2.90(6) -2.92(7) -2.97(7) -2.98(7) -2.98(6) -2.98(7) -2.98(7) -2.98(7) 

161 i?e 1.214(6) -3.432t°;° 4 J -3.36(7) -3.36(7) -3.38(7) -3.42(7) -3.43(7) -3.43(7) -3.43(7) -3.43(7) -3.43(7) 

1(il Re* 5 1.338(7) -0.488^;^ -0.57(7) -0.58(8) -0.61(7) -0.68(8) -0.70(7) -0.70(7) -0.70(7) -0.70(7) -0.69(8) 

164 /r 5 1.844(9) -3.959+°,;i39 -3.90(6) -3.90(6) -3.94(6) -4.00(6) -4.02(6) -4.03(6) -4.02(6) -4.02(6) -4.02(6) 

165 Ir* 5 1.733(7) -3.4691^00 -3-49(5) -3.49(5) -3.53(5) -3.59(5) -3.61(5) -3.62(5) -3.61(5) -3.61(5) -3.61(5) 

im Ir 2 1.168(8) -0.824t°,; 2 ^ -1.01(10) -1.01(10) -1.03(10) -1.08(10) -1.09(10) -1.11(11) -1.09(10) -1.09(10) -1.09(10) 

166 It* 5 1.340(8) -0.0761°,;^ 0.24(9) 0.24(8) 0.20(9) 0.13(9) 0.11(9) 0.10(9) 0.12 (9) 0.11(9) 0.12(9) 

ie7 Ir 1.086(6) -0.959t°,;o25 -1.17(9) -1.17(8) -1.19(8) -1.23(8) -1.24(9) -1.25(9) -1.24(9) -1.24(9) -1.24(9) 

167 Ir* 5 1.261(7) 0.875^;?^ 0.72(8) 0.72(8) 0.67(8) 0.61(8) 0.58(8) 0.58(8) 0.58(8) 0.58(8) 0.60(8) 

171 Au 1.469(17) -4.770io;isi -4.90(16) -4.91(16) -4.93(16) -4.98(16) -4.99(16) -4.99(15) -4.99(16) -4.99(16) -4.99(16) 

171 Am* 5 1.718(6) -2.6541°;°^ -3.01(5) -3.01(5) -3.05(5) -3.11(4) -3.14(5) -3.14(5) -3.13(5) -3.14(5) -3.13(5) 

177 Tl 1.180(20) -1.174t^ -1.27(26) -1.27(26) -1.29(26) -1.34(26) -1.35(27) -1.36(26) -1.35(26) -1.36(27) -1.35(26) 

177 Tl* 5 1.986(10) -3.347^;?22 -4.49(7) -4.49(7) -4.53(6) -4.59(6) -4.62(6) -4.62(6) -4.60(7) -4.62(6) -4.61(7) 

185 Bi 1.624(16) -4.229t°,;o8i -5.33(13) -5.33(13) -5.35(13) -5.39(13) -5.42(13) -5.42(13) -5.42(14) -5.42(13) -5.42(13) 

135 Tfo 3 1.188(7) -3.027^;i 3 g -3.98(7) -3.98(7) -4.01(7) -4.06(8) -4.07(7) -4.07(7) -4.07(8) -4.07(8) -4.07(8) 

159 r>„ c 1 ai fi /nn\ a rvo+0.076 



Re 5 1.816(20) -4.6781^92 -4.41(13) -4.41(13) -4.45(13) -4.51(13) -4.53(13) -4.53(13) -4.53(13) -4.53(13) -4.53(13) 
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TABLE III: The results of the present calculations using the Skyrme p-N potentials are compared with the experimental 
values. Except 135 Tb and 159 Re [3^|, all the experimental Q values, half lives and I values are from Ref. 26]. Experimental 
errors in Q values and corresponding errors in calculated half lives are inside parentheses. Asterisk symbol in the parent nucleus 
denotes isomeric state. 



Parent I Q ex 


Measured 


SLy5 


SLy6 


SLy7 SLy8 SLy9 


SLylO 


SLy230a 


Skll SkI2 


A Z h MeV 


log 10 T{s) 


log 10 T(s) 


log w T{s) 


log 10 T(s) log w T(s) log w T(s) 


log 10 T(s) 


log 10 T(s) I 


og w T(s) log w T(s) 



105 Sb 2 0.491(15) 2.049±g;gg| 1.99(46) 2.00(46) 2.00(46) 2.00(46) 1.99(46) 2.01(46) 2.00(45) 2.06(46) 2.04(46) 

109 J 2 0.829(3) -3.987±o;°22 -4.22(5) -4.21(4) -4.21(4) -4.22(5) -4.23(5) -4.21(5) -4.22(5) -4.15(4) -4.17(4) 

112 Cs 2 0.824(7) -3.30]+g;g$ -3.11(11) -3.10(11) -3.10(11) -3.11(11) -3.11(11) -3.09(11) -3.11(11) -3.05(11) -3.06(11) 

113 Cs 2 0.978(3) -4.777l^ig -5.52(4) -5.50(4) -5.50(4) -5.51(4) -5.52(4) -5.50(4) -5.51(4) -5.44(4) -5.46(4) 

145 Tm 5 1.753(10) -5.409±g;^ -5.23(6) -5.22(6) -5.22(6) -5.23(7) -5.24(7) -5.20(7) -5.23(7) -5.09(7) -5.14(6) 

147 Tra 5 1.071(3) 0.591±g;"§ 0.87(4) 0.89(4) 0.89(4) 0.87(4) 0.86(4) 0.90(4) 0.87(4) 1.03(4) 0.97(4) 

147 Tm* 2 1.139(5) -3.444+°;°^ -3.37(6) -3.36(6) -3.36(6) -3.37(6) -3.37(6) -3.35(6) -3.37(6) -3.27(6) -3.30(6) 

150 Lu 5 1.283(4) -1. 1801^64 -0.70(5) -0.68(5) -0.67(5) -0.69(4) -0.70(4) -0.67(4) -0.68(4) -0.54(4) -0.59(5) 

150 Lu* 2 1.317(15) -4.523±o;|o? -4.36(15) -4.35(15) -4.35(15) -4.35(15) -4.37(15) -4.34(15) -4.35(15) -4.26(15) -4.30(15) 

151 Lu 5 1.255(3) -0.8961^2 -0.77(3) -0.75(3) -0.75(3) -0.77(3) -0.78(3) -0.75(4) -0.77(3) -0.61(3) -0.67(3) 

151 Lu* 2 1.332(10) -4.796±g;g|f -4.86(10) -4.85(10) -4.85(10) -4.86(10) -4.86(10) -4.84(10) -4.86(10) -4.75(10) -4.79(10) 

15S Ta 5 1.791(10) -4.9211^25 -4.75(7) -4.74(7) -4.74(7) -4.75(7) -4.76(7) -4.72(7) -4.75(7) -4.60(7) -4.66(7) 

156 Ta 2 1.028(5) -0.620tHoi -0.37(7) -0.36(8) -0.36(8) -0.37(7) -0.38(8) -0.36(7) -0.37(7) -0.27(8) -0.31(7) 

156 Ta 5 1.130(8) 0.949±g;^g 1.54(11) 1.56(11) 1.56(11) 1.56(10) 1.54(10) 1.57(11) 1.56(10) 1.71(10) 1.65(10) 

157 Ta 0.947(7) -0.523+o lH -0.40(11) -0.40(12) -0.40(12) -0.40(11) -0.41(12) -0.39(12) -0.40(11) -0.31(12) -0.35(12) 

160 i?e 2 1.284(6) -3.046±^ -2.98(6) -2.97(7) -2.97(7) -2.98(7) -2.98(7) -2.96(6) -2.98(7) -2.88(7) -2.91(6) 

161 i?e 1.214(6) -3.432±o;°49 -3.43(7) -3.43(7) -3.43(7) -3.43(7) -3.43(7) -3.41(7) -3.43(7) -3.32(7) -3.37(7) 

1(il Re* 5 1.338(7) -0.488±g;g|| -0.70(7) -0.68(7) -0.68(7) -0.70(7) -0.71(8) -0.67(7) -0.70(7) -0.53(7) -0.60(8) 

164 /r 5 1.844(9) -S^ 4 ;^^ -4.02(6) -4.00(6) -4.00(6) -4.02(6) -4.03(6) -4.00(6) -4.02(6) -3.87(6) -3.93(6) 

165 Ir* 5 1.733(7) -3.4691^00 -3-61(5) -3.60(6) -3.60(5) -3.61(5) -3.62(5) -3.59(5) -3.61(5) -3.45(5) -3.52(5) 

im Ir 2 1.168(8) -0.824t^; 2 ?3 -1.09(10) -1.09(10) -1.09(10) -1.09(10) -1.11(10) -1.08(11) -1.09(10) -0.99(11) -1.03(10) 

166 Ir* 5 1.340(8) -0.076±g;"| 0.11(9) 0.13(9) 0.13(9) 0.11(9) 0.10(9) 0.13(9) 0.12(8) 0.28(8) 0.21(9) 

ie7 Ir 1.086(6) -0.959lo;o25 -1-25(9) -1.24(8) -1.24(8) -1.24(9) -1.25(9) -1.23(9) -1.24(9) -1.13(9) -1.18(9) 

167 Ir* 5 1.261(7) 0.875tg;?^ 0.58(8) 0.60(8) 0.60(8) 0.58(8) 0.58(8) 0.61(8) 0.58(8) 0.77(8) 0.69(8) 

171 Au 1.469(17) -4.770io;isi -4.99(16) -4.99(16) -4.99(16) -4.99(16) -4.99(16) -4.97(16) -4.99(16) -4.88(16) -4.92(16) 

171 Am* 5 1.718(6) -2.654±g;g|^ -3.14(5) -3.13(5) -3.13(5) -3.13(5) -3.14(5) -3.11(4) -3.13(5) -2.96(5) -3.04(5) 

177 Tl 1.180(20) -1.1741^3^ -1.36(26) -1.35(26) -1.35(26) -1.35(26) -1.36(26) -1.34(26) -1.35(26) -1.23(27) -1.29(26) 

ur Tl* 5 1.986(10) -3.347tg;?22 -4-62(6) -4.60(6) -4.60(6) -4.62(6) -4.62(6) -4.59(6) -4.61(6) -4.43(6) -4.51(6) 

185 Bi 1.624(16) -4.229to;osi -5.42(13) -5.41(14) -5.41(13) -5.42(13) -5.42(13) -5.40(13) -5.42(13) -5.28(13) -5.35(14) 

135 Tfo 3 1.188(7) -3.027lJ5;iJg -4.07(7) -4.05(8) -4.05(8) -4.07(8) -4.07(7) -4.05(7) -4.07(8) -3.98(8) -4.00(7) 

159 r>„ c , ai fi /nn\ a rvo+0.076 



Re 5 1.816(20) -4.6781^92 -4.53(13) -4.52(13) -4.52(13) -4.53(13) -4.54(13) -4.51(13) -4.53(13) -4.39(13) -4.44(13) 
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TABLE IV: The results of the present calculations using the Skyrme p-N potentials are compared with the experimental values. 
Except 135 T6 [32] and 159 Re [33], all the experimental Q values, half lives and I values are from Ref . [2rj] . Experimental errors in 
Q values and corresponding errors in calculated half lives are inside parentheses. Asterisk symbol in the parent nucleus denotes 
isomeric state. 



Parent I Q ex 


Measured 


SkI3 SkI4 


SkI5 


SkI6 SkMP 


SkO 


SkO' 


SkT4 SkT5 


A Z h MeV 


log w T{s) 


log 10 T(s) log 10 T(s) , 


>og 10 T(s) , 


log 10 T{s) log w T(s) 


log 10 T(s) 


log 10 T(s) 


log 10 T(s) log w T(s) 



105 Sb 2 0.491(15) 2.049±°;°^ 2.03(45) 2.04(46) 2.04(46) 2.04(46) 2.01(46) 2.04(46) 2.04(46) 2.05(46) 1.99(46) 

109 I 2 0.829(3) -3.987±o;°22 -4.18(5) -4.17(4) -4.18(4) -4.17(4) -4.21(5) -4.17(5) -4.17(4) -4.17(5) -4.23(5) 

112 Cs 2 0.824(7) -3.30ltomr -3.07(11) -3.06(11) -3.07(11) -3.07(11) -3.09(11) -3.05(11) -3.05(11) -3.06(11) -3.11(11) 

113 Cs 2 0.978(3) -4.777l^ig -5.47(4) -5.46(4) -5.46(4) -5.46(4) -5.50(4) -5.46(4) -5.46(4) -5.46(4) -5.52(4) 

145 Tm 5 1.753(10) -5.409^;i^ -5.17(6) -5.14(7) -5.16(7) -5.15(6) -5.20(7) -5.14(7) -5.14(7) -5.16(7) -5.23(7) 

147 Tm 5 1.071(3) 0.591±^i?| 0.94(4) 0.97(4) 0.95(4) 0.95(4) 0.91(4) 0.98(4) 0.97(4) 0.96(4) 0.87(4) 

147 Tm* 2 1.139(5) -3.444+°;°^ -3.32(6) -3.30(6) -3.31(6) -3.31(6) -3.34(6) -3.30(6) -3.30(6) -3.31(6) -3.37(6) 

150 Lu 5 1.283(4) -l-lSO+ ° f 4 -0.62(4) -0.59(5) -0.61(5) -0.61(4) -0.65(4) -0.59(4) -0.60(5) -0.61(4) -0.68(4) 

150 Lu* 2 1.317(15) -4.523^;^ -4.32(15) -4.30(15) -4.30(15) -4.30(15) -4.34(15) -4.28(15) -4.30(15) -4.30(15) -4.35(15) 

151 Lu 5 1.255(3) -0.896i^i2 -0.70(3) -0.67(3) -0.69(3) -0.69(3) -0.73(3) -0.66(3) -0.67(4) -0.69(4) -0.77(3) 

151 Lu* 2 1.332(10) -4.7961^27 -4.81(10) -4.79(10) -4.80(10) -4.80(10) -4.84(10) -4.78(10) -4.80(10) -4.80(10) -4.85(10) 

15S Ta 5 1.791(10) -4.92ll°,; 12 | -4.69(7) -4.66(7) -4.67(7) -4.67(7) -4.72(7) -4.65(7) -4.66(7) -4.67(7) -4.74(7) 

156 Ta 2 1.028(5) -0.620t°,;?oi -0.33(7) -0.31(7) -0.32(8) -0.31(8) -0.34(8) -0.30(8) -0.31(7) -0.31(7) -0.37(8) 

156 Ta 5 1.130(8) 0.9491^;^ 1.62(10) 1.65(10) 1.64(10) 1.64(11) 1.59(10) 1.66(11) 1.65(10) 1.63(11) 1.56(11) 

157 Ta 0.947(7) -O^t 9 ;! 3 ! -0.37(12) -0.35(12) -0.35(11) -0.35(11) -0.38(12) -0.33(12) -0.35(11) -0.35(12) -0.40(11) 

160 i?e 2 1.284(6) -3.046+ ° 7 5 5 6 -2.93(7) -2.91(6) -2.93(7) -2.92(7) -2.96(7) -2.91(7) -2.91(7) -2.92(7) -2.98(7) 

161 i?e 1.214(6) -3.432t 9 ;° 4 J -3.38(7) -3.37(7) -3.38(7) -3.38(7) -3.41(7) -3.36(7) -3.37(7) -3.38(7) -3.43(7) 

1(il Re* 5 1.338(7) -0.4881°,;°,^ -0.63(8) -0.60(8) -0.62(8) -0.61(7) -0.66(8) -0.59(7) -0.60(7) -0.61(7) -0.68(7) 

164 /r 5 1.844(9) -3.959+°,;i39 -3.96(6) -3.93(6) -3.94(6) -3.94(6) -3.99(7) -3.91(6) -3.93(6) -3.94(7) -4.02(6) 

165 Ir* 5 1.733(7) -3.4691^00 -3-55(5) -3.52(5) -3.53(5) -3.53(5) -3.58(5) -3.50(5) -3.52(5) -3.54(5) -3.61(5) 

im Ir 2 1.168(8) -0.824t°,; 2 ^ -1.05(10) -1.03(10) -1.04(10) -1.04(11) -1.07(10) -1.02(10) -1.03(10) -1.03(10) -1.09(10) 

166 Ir* 5 1.340(8) -0.076±g;^ 0.18(9) 0.21(9) 0.19(9) 0.19(9) 0.15(9) 0.22(9) 0.21(9) 0.20(9) 0.13(9) 

ie7 Ir 1.086(6) -0.959lo;o25 -1-20(9) -1.18(9) -1.19(9) -1.19(9) -1.22(8) -1.17(9) -1.18(8) -1.18(9) -1.24(9) 

167 Ir* 5 1.261(7) 0.875^^2? 0.66(8) 0.69(8) 0.67(8) 0.67(8) 0.63(8) 0.70(8) 0.69(8) 0.67(8) 0.60(8) 

171 Au 1.469(17) -4.770io;isi -4.94(16) -4.92(16) -4.94(16) -4.94(16) -4.97(16) -4.92(16) -4.93(16) -4.92(16) -4.98(16) 

171 Am* 5 1.718(6) -2.6541°;°^ -3.07(5) -3.04(4) -3.05(4) -3.05(5) -3.09(4) -3.02(4) -3.04(5) -3.06(5) -3.13(5) 

177 Tl 1.180(20) -1.174t^ -1.31(26) -1.29(26) -1.30(26) -1.30(26) -1.33(26) -1.28(26) -1.30(26) -1.29(26) -1.35(26) 

177 Tl* 5 1.986(10) -3.347^;?22 -4.54(6) -4.51(6) -4.53(6) -4.53(6) -4.57(6) -4.50(6) -4.51(7) -4.53(6) -4.60(6) 

185 Bi 1.624(16) -4.229to;o8i -5.37(13) -5.35(14) -5.35(13) -5.35(13) -5.39(13) -5.33(13) -5.35(13) -5.35(13) -5.40(13) 

135 Tfo 3 1.188(7) -3.027lJ5;i 3 g -4.02(7) -4.00(7) -4.02(8) -4.02(8) -4.05(8) -4.00(7) -4.00(8) -4.01(7) -4.07(7) 

159 i?e 5 1.816(20) -4.6781^92 -4.47(13) -4.44(13) -4.45(13) -4.45(13) -4.50(13) -4.42(13) -4.44(13) -4.46(13) -4.53(13) 



